Vessels equipped with a Dynamic Positioning (DP) system for station keeping have become quite common on the offshore market. The propulsion system of such ships has the capability to compensate the counteracting environmental forces caused by wind, waves and current. Since the DP capability is an important part of the specification, it is necessary to consider this aspect in the early ship design stage. For this purpose a procedure of a fast calculation method is developed by the authors to predict the limiting environmental conditions and the maximum deviation of the position and the course angle for a pre-established propulsion system.
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INTRODUCTION
As a result of the energy switch in Germany from fossil and nuclear to renewable energies the wind offshore market gains in importance for the German shipbuilding industry. Hence new types of ships are needed for transportation and installation of the wind farms. Therefore the ships have to be equipped with a dynamic positioning system which has become quite common in the offshore market. Such systems have to be considered in the early design stage. So, there is a need to benchmark different design variations concerning their impact on the DP capability of the vessel or to find the best tailor-made design. Furthermore the DP system can determine the power demand to comply with required contract conditions or required classification of the DP system (e.g. DPS-0, DPS-1 etc. as defined in [1] ). The evaluation of a dynamic position system is made in two steps. The limiting environmental conditions are determined for a pre-established propulsion system, which is presented in a DP capability plot. For this calculation case the environmental loads are constant. Following from this the maximum deviation of the position and the course angle are predicted in a time domain calculation. In every case the DP problem can be described with Eqn. (1). The environmental forces have to be compensated by the thrusts of the propulsion system. The environment normally consists of three parts, wind, wave and current.
A simplified representation of the DP problem can be found in Fig. 1 . For a twin screw vessel the forces of the propulsion system and the environmental loads are shown. This type of vessel is primary focused in this paper.
At first, the paper presents the calculation of the environmental loads. This includes the determination of the wind and wave forces in time domain as well as the mean values. Furthermore the current forces are assumed to be constant in every case. Afterwards it is presented how to consider the interaction effects. Thats means the thrust of the propulsion system is increased or reduced as a result of the interaction to another propulsor, the environment or the hull. In the last section the calculation methods are explained. The results of the static calculation are used for the simulation in time domain. The focus is on twin screw vessels in this paper but the methods can also be adapted for other propulsion configurations. The computation method is implemented in the ship design environment E4, which is constantly further developed by the Institute of Ship Design and Ship Safety and partners.
ENVIRONMENTAL LOADS
The modeling of the external forces significantly determines the calculated DP capability of a vessel. Therefore, existing and new developed calculation methods are applied to compute the wind, wave and current forces. For the description of the environmental loads the coordinate system is used which is presented in Fig. 2 . The point of origin is located at the half of the length between perpendicular in longitudinal direction, the center line in transverse direction and the base line in vertical direction. 
Wind Forces
The wind forces are typically described by coefficients for each encounter angle of the wind which is shown in Eqn. (2) to Eqn. (4) . A typical way to determine the wind coefficients is the procedure according to Blendermann [2] . From many test results regression formulas were developed to calculate these coefficients. Alternatively wind tunnel test data can be used.
For the static calculation the wind velocity v w and the encounter angle α are constant for each calculation direction. For the time domain simulation the wind velocity and the direction are described by the mean value and additional the fluctuation in time domain. The wind speed and the encounter angle in Eqn. (2) to Eqn. (4) are replaced by the Eqn. (5) and Eqn. (6) .
A typical representation of the wind forces in longitudinal and transverse direction can be found in Fig. 3 . The applied calculation of the varying wind speed and direction is described in the following according to [3] .
Wind Velocity in Time Domain
The wind speed fluctuations are seen as a Gaussian process. Hence a spectrum can be used to described the wind velocity in frequency domain. Based on this an inverse fast Fourier transformation is applied to calculate the fluctuation of the wind velocity in time domain. Eqn. (7) describes the Fourier series.
Therefore the spectrum of Davenport is chosen according to [4] . This has already been submitted in a proposal for an improved weather criterion in the International Maritime Organization [5] . In the recommendation to the IMO, the parameters of the spectrum were adapted to the conditions at sea. With Eqn. (8) the wind speed spectrum is described depending on the mean wind speed and as a function of the circular frequency ω (see also [6] ). In Fig. 4 the spectra are shown for different wind velocities.
Wind Direction in Time Domain A similar approach is made for the calculation of the varying wind direction in time domain. The wind direction in time can be described by Eqn. (11) .
A formulation of the wind direction fluctuating is not given until now. Therefore measurements of the wind direction were analyzed. The result of the work is that the wind direction fluctuation can be described by a Weibull distribution which is presented in Eqn. (12) . This can be found in [3] in detail. 
The free parameters a, b and c were analyzed depending on the average wind speed. It was found that the factors a and b have an exponential relation to the mean wind speed and the factor c has a constant value. Thus, the parameters of the Weibull function can be described as follows:
The spectrum for the wind direction is described completely depending on the mean wind speed, which is shown in Fig. 5 for average wind speeds of 2-14 m s .
Wave Drift Forces
The dynamic position control system allows harmonic motions in waves which have zero mean values. These motions are caused by first order wave forces. Only second and higher order wave forces have an influence to the DP problem because they have a non-zero mean value.
For the calculation, an approach based on strip theory is applied according to Augener [7] . The method is implemented in the used ship design environment. The results of the method are already compared to measurements and show good correlations. In Fig. 6 typical results are presented in frequency domain in transverse direction for each encounter angle.
From this the second order wave drift forces can be determined in time domain. A typical representation for the longitudinal and transverse wave drift forces can be found in Fig. 7 .
Current Forces
The calculation of the current forces is made by using a modified slender body method. The main part of the hydrodynamic force results from the acceleration of the hydrodynamic masses. This is described by Eqn. (16) . In addition to this the aforesaid calculation are corrected by Eqn. (17) . This is made to consider the 3D-effects of the ship in flow.
The roll motion is seen seperatly and is calculated quasistationary by using the lever arm curve. For the view of the DPproblem in the very early design stage it is not important. Hence the focus is set to longitudinal, transverse and yaw direction in the following. The calculation of the the current loads uses a procedures which is applied for the maneuvering model. The method determine the forces of the vessel for the given motion and accelerations. Hence this part can also be adopted to the simulation of the dynamic positioning in time domain.
INTERACTION EFFECTS
During a dynamic positioning operation the propulsions system has interaction effects caused by each other, the hull and the environment. As a result, the thrust of the propulsion system is increased or reduced. Starting with the interaction effect of the environment only current vertical to the thrust direction has an important influence to the resulting thrust of tunnel and free thrusters for example. Figure 8 shows the relative reduction of the cross force and the yaw moment of a tunnel thruster depending on the current speed according to [8] . A detailed description can be found in literature [8] for tunnel thruster and free thruster which is a common procedure. Furthermore the interaction effects of a twin screw vessel are not well investigated during a dynamic positioning operation. Therefore model tests were carried out. These investigations include the tunnel thrusters regarding the number, the diameter and the position. In Fig. 9 the measurements of a bow tunnel thruster configuration are exemplary presented. From this it can be said, that the thrust of the tunnel thrusters is increased by the interaction effect. Furthermore no dependency are found regarding the varying parameters. The interaction effects of the main propellers were also measured in consideration of the direction of rotation. In [9] the results can be found in detail. The empirical knowledge is used for the presented calculation method of the dynamic positioning. The influence of free thruster to each other was already investigated by Lehn [10] . These research results are implemented in the presented method to consider the interaction effects of free thruster. 
CALCULATION OF THE DP CAPABILITY
Typically the evaluation of the dynamic positioning capability is made in two steps. First the static DP capability is determined. Second, on basis of these results, a time domain simulation is performed to calculate the maximum position deviation. The consideration of a self-defined condition is also possible for the dynamic DP calculation. Both procedures are explained in the following sections. A similar approach is already published in [11] or [12] . But the presented method has the focus on the ship design process in the very early design stage. Hence the computation time should be less than a few minutes, what is achieved. Thus the effects of a modification of the hull form, the propeller or the machinery etc. can be investigated, which is the most important advantage of this method.
Static DP Capability
The static dynamic positioning capability describes the equilibrium of forces and moments for each encounter angle of the environmental forces. A typical representation of the results is shown in Fig. 10 . For the DP capability plot the specification of the International Marine Contractors Association [13] is used.
For the determination of the maximum environmental loads the wind speed is changed by using approximation procedure called interval bisection. According to the wind speed the parameters of the sea state are defined. The relation can be found by IMCA [13] or a class society, e.g. DNV [1] . Exemplary the correlation is shown in Tab. 1. The current velocity is always kept constant.
For each environmental load the thrust of the propulsion system is allocated by using an optimization algorithm. A detailed explanation can be found in literature, e.g. Krüger [14] and Viallon [15] . The results of the determined thrust of the propulsion systems (e.g. main propeller, bow and stern tunnel thruster, etc.) are compared to the maximum value. If they do not exceed the maximum, the environmental load is increased. The method can also be used for the calculation of all single or self-defined failure cases. The calculation procedure can be easily adapted to this problem. Only the thrust of the propulsion system is set to zero. The evaluation of the DP capabilty can be made by using the environmental regularity number (ern) according to [1] . With this the DP capability of a vessel is comparable to other ships. But in most cases the contract conditions are decisive for the evaluation of the results.
Dynamic DP Capability
For the evaluation of the dynamic DP capability the deviation of the position and the course angle has to be determined. For this, the problem is divided into two parts. First the state vector of the vessel (including e.g. the position, propulsion and machinery characteristics) has to be calculated in consideration of the individual acting maneuvering and environmental forces on the ship. Depending on the position of the vessel and the course angle the control system acts and modifies the propulsion and machinery characteristics to keep the position. In essence the calculation of the dynamic DP capability is a manoeuvering problem which can be solved under consideration of the time varying wind and wave forces. Hence the existing method [16] is adapted to the DP simulation. The simulation time is set to three hours. In the following the process is explained. 
Manoeuvering Model

Control System
Force Modell acording to Söding [16] plied and can be easily adapted to the problem. The method uses a force model according to Söding [17] and Krüger [18] . Based on an initial condition all forces acting on the vessel are calculated. With this the equation of motion is solved to determine the position, course angle, etc. of the next time step. Afterwards the control system checks all parameters of the system and modifies it accordingly. The manoeuvering model can be simplified represented with Fig. 11 .
The forces acting on the hull include the environmental loads which are already described, and additionally rudder forces, propeller forces, steering forces, etc. The description of the components of the propulsion system can be found in detail in [16] . The force components are used to describe the equation of motion which is shown in Eqn. (18) . It is solved by using the Newton integration procedure in every time step.
The initial condition results from the afore described calculation method of the static DP capability for given environmental parameters. From this, the thrusts, the power requirements and the machinery characteristics are determined. Propulsion System Machinery FIGURE 12. SCHEMATIC REPRESENTATION OF THE ENGINE AND PROPULSION CONTROL SYSTEM FOR THE DP PROBLEM. [16] Control System The main difference to the above mentioned manoeuvering model is that the control system have another focus. During IMO-manoeuvres like turning circle or zigzag manoeuvre the rudder angle is changed by the automation. Furthermore the machinery and propulsion characteristics (e.g. rpm, pitch, ..) is changed caused by increased loads due to an increasing ship resistance, a modified wake field of the propeller, etc. During a DP manoeuvre the position has to be determined (e.g. via GPS) additionally. In case of a simulation the calculated values of the position and the course angle for every time step are used. With this knowledge, a comparison is made between actual and target position of the vessel. Contrary to IMO manoeuvres the lever position of the machinery is modified. The automation changes the rpm and/ or pitch signal. A schematic representation of the engine and propulsion control system for the DP problem is shown in Fig. 12 .
CONCLUSION AND OUTLOOK
The paper has presented a new method to evaluate the dynamic positioning capability in the very early design stage. For this two aspect are important. The static calculation give an answer to the maximum environmental forces which can be compensated by the propulsion system. Furthermore the deviation of the position and the course angle are predicted. In comparison to the required contract condition the decision for the best tailormade propulsion and machinery configuration can be made. Therefore, the environmental forces are modeled for the static case and the time domain simulation. The interaction effects are also taken into account. In further research, the calculation method will be developed further for every kind of propulsion configuration. It is planned to compare the results with full scale measurements.
